Radial velocities and proper motions (derived from the GSC-II database) are given for 38 RR Lyrae (RRL) stars and 79 blue horizontal branch (BHB) stars in a ∼ 200 deg 2 area around the North Galactic Pole (NGP). Both heliocentric (UVW) and galactocentric (V R , V φ , V z ) space motions are derived for these stars using a homogeneous distance scale consistent with (m − M ) 0 =18.52 for the LMC.
to the Old Halo, while the Young Halo predominates in the outer parts of our Galaxy. Recent analyses of cluster ages (Rosenberg et al. 1999; De Angeli et al. 2005) show that the most metal-poor clusters are all older and coeval while the more metal-rich are younger and have a significant dispersion in age. The outer parts of the Galaxy show a somewhat larger dispersion in cluster age. The Old Halo system has a prograde galactic rotation while that of the Young Halo is retrograde. The Old Halo clusters have a high ratio of blue horizontal branch (BHB) to RR Lyrae (RRL) stars. Layden (1996) found that the field RRL stars with 3 R gal 6 kpc were not kinematically as cool as the Old Halo clusters since they have a larger velocity dispersion and a milder prograde galactic rotation. Layden also analysed the radial velocities of the RRL stars with |Z| > 5 kpc and whose R gal projected on the plane were between 6 and 10 kpc; these showed a marginally retrograde rotation. He accounted for these results in terms of the preferential destruction of the redder-HB clusters in the inner halo and by these redder-HB clusters having a greater fraction of RRL stars per unit luminosity. Borkova and Marsakov (2003) analyzed the spacemotions of local RRL stars and also found evidence for two metal-poor ([Fe/H]<−1.0) systems. One (corresponding to the Old Halo) is associated with blue-HB clusters and has a spherical distribution and a slightly prograde galactic rotation. The other (corresponding to the Young Halo) is more spatially extended, is associated with red-HB clusters and has stars on eccentric and retrograde orbits. A correlation between the kinematics of globular clusters and their Oosterhoff type was pointed out by van den Bergh (1993) and also by Lee & Carney (1999) . They found that Oosterhoff type II clusters belong to an older system with prograde orbits while Oosterhoff type I clusters to a younger (accreted) system on retrograde orbits. Lee & Carney associated the field RRL stars with |Z| < 3 kpc and |Z| > 5 kpc with Oosterhoff types II and I respectively. The discovery of the disintegrating Sgr dwarf galaxy (Ibata, Gilmore & Irwin 1994) gave very strong support to the idea that the outer field-star halo parallels the Young cluster halo and is composed of the tidal debris from such accreted satellites. This has prompted searches for other satellites and consequent non-uniformities in the structure of the halo. Surveys to discover such substructure include among others, a K-giant survey (Morrison et al. 2000) , an APM carbon star survey (Totten & Irwin 1998; Totten, Irwin & Whitelock 2000; Ibata et al. 2001) , and the Sloan Digital Sky Survey (SDSS) for A stars (Yanny et al. 2000) and RRL stars (Ivezić et al. 2000) . All have shown inhomogeneities in the distribution of stars in the outer halo that are mostly debris from the Sgr dSph (Newberg et al. 2002) . More recent work with SDSS data has shown that these "streams" and overdensities are very extensive (Lupton et al. 2005 , Belokurov et al. 2006 . Many of these surveys study the distant halo: 88% of the large sample of BHB stars discovered by Sirko et al. (2004a) in the SDSS lie beyond 10 kpc and only 4 of these stars lie within 6 kpc. Thus, since proper motions are largely lacking for these stars, what we know of their kinematics can only come from analyzing their radial velocities (Sirko et al. 2004b; Thom et al. 2005) .
The kinematics of the local halo is much better known because accurate proper motions are available (Martin & Morrison 1998; Maintz & de Boer 2005) .
1 The mean halo rotation in the solar neighbourhood is close to zero (i.e. V ∼ -220 km s −1 ) or is slightly prograde, and it is well established that the velocity dispersions in the local halo are non-isotropic ( σU > σV > σW ). Helmi et al. (1999) studied 97 metal-deficient ([Fe/H] −1.6) red-giants and RRL stars within 1 kpc of the Sun and found that about ∼10% of these had space-motions that showed that they came from a sin-gle disrupted satellite. This has been confirmed with a larger sample (234 stars within 2.5 kpc of the Sun) by Kepley et al. (2006) who also found evidence for two other possible "streams".
One of the first indications of structure in the halo was the discovery of retrograde motion for a group of subdwarf halo stars in Selected Area (SA) 57 at the North Galactic Pole (NGP) by Majewski (1992) . Later, Majewski, Munn & Hawley (1996) found that these halo stars were clumped in phase-space and [Fe/H]; in particular, they found a retrograde group ( V = −275 ± 16 km s −1 ) with [Fe/H] < -0.8 moving towards the galactic plane. Kinman et al. (1996) also found a preponderance of negative radial velocities (i.e. motion towards the plane) among BHB and RRL stars in the same area of the sky. A detailed analysis of the Sgr stream of debris using 2MASS M-giants (Majewski et al. 2003; Law, Johnson & Majewski 2005) shows that the Sgr stream may be inflowing from the general direction of the NGP towards the solar neighbourhood. Martínez-Delgardo et al. (2006) have identified the Sgr leading arm with the overdensity in Virgo and predict highly negative radial velocities in the North Galactic Cap but not at the area of the Pole itself. On the other hand, neither Carney (1999) nor find retrograde motion among different samples of nearby halo stars whose Zmax 4 kpc. Vallenari et al. (2006) used the Padova Galaxy model to analyse the proper motions in a 26.7 deg 2 near the NGP. Their halo component (for Z < 7 kpc) showed no significant rotation and had non-isotropic velocity dispersions. The colour distributions of their halo stars suggest that they are primarily redder ((B −V ) +0.5) giant stars. Other reports of nearby halo substructure include Chiba & Mizutani (2004) , Altmann, Catelan & Zoccali (2005) and Meza et al. (2005) who discuss the debris from the globular cluster ω Cen (probably the nucleus of a disrupted dwarf galaxy). The orbit discussed by Chiba & Mizutani does not rise more than 4 kpc above the plane in the direction of the NGP and so this debris is probably not connected with the substructure observed by Majewski et al. (1996) but might account for a halo overdensity of F and G stars observed by Gilmore, Wyse & Norris (2002) . Duffau et al. (2006) have found a clump of both RRL and BHB stars at about 20 kpc that is coincident with an overdensity of F-type stars that were previously found by Newberg et al. (2002) . Jurić et al. (2006) have found a significant overdensity of halo stars at 7 to 8 kpc in Virgo although a search by Brown et al. (2004) for overdensities of BHB stars out to 9 kpc gave negative results. Clewley & Kinman (2006) have identified two new clumps that contain both RRL and BHB stars at distances of 8 and 9 kpc. There is therefore considerable evidence that structure exists in the nearby halo but accurate proper motions and radial velocities are needed in order to establish its significance. This paper (a continuation of Kinman et al. 1996 Kinman et al. , 2003 Kinman et al. , 2005 derives space motions for 117 BHB and RRL stars in ∼200 deg 2 in the direction of the NGP. The sample of BHB stars in SA 57 that comes from the Case Low-Dispersion Sky Survey (Sanduleak 1988 ) and that was discussed by Kinman, Suntzeff & Kraft (1994) has been expanded to cover about six Palomar Schmidt Sky Survey fields (Fig. 1 ) using sources discussed in Sec. 2.1. The RRL stars in the same area of the sky have also been included and in many cases re-observed.
A data-base containing full details of these stars is in preparation (Kinman et al. 2007 ). BHB and RRL stars continue to be recognized as prime halo tracers; recent surveys for them include Sirko et al. (2004a) , Vivas et al. (2001) ; Clewley et al. (2002 Clewley et al. ( , 2004 Clewley et al. ( , 2005 ; Brown et al. (2003 Brown et al. ( , 2004 Brown et al. ( , 2005 ; Christlieb, Beers & Thom (2005) . Red giants, subgiants and subdwarfs are more broadly representive of the halo but can be more difficult to separate from their disk counterparts and estimates of their distances are commonly less exact than those of the HB stars. A major reason for studying the halo in the galactic polar regions is that the confusion between disk and halo stars is minimized in these directions; this is particularly important for the RRL stars which have a significant disk population. The galactic extinction is also minimal. Further, Kepley et al. (2006) have shown that streams may be more easily identified by their radial velocities at the poles. Much previous work has depended on analyses of radial velocities alone. Surveys for distant halo stars tend to be made at high galactic latitudes well away from the apex and antapex of galactic rotation; the galactic rotation component of the radial velocity is small compared with the random velocity components in these directions. Consequently halo galactic rotations are not well determined from the radial velocity alone. At the galactic poles, the relation between the galactic velocity vectors U, V and W of a star and its distance, radial velocity and proper motion is particularly simple. The U and V motions depend essentially only on the distance and proper motions while the W motion depends almost entirely on the radial velocity. In principle therefore, an analysis of the errors is more straightforward in the polar regions (and also along the prime galactic meridian) than in other directions.
It follows that it is not only important to get the best possible distances, radial velocities and proper motions, but have a realistic assessment of their uncertainties. We feel that the proper motions that we have used (derived from the GSC-II database) are the best currently available. We have estimated their errors from the proper motions of QSO in the same fields. Presumably, the best proper motions will come from astrometric space missions such as GAIA and SIM (see e.g. GAIA, Concept and Technology Study Report 2004, Table A.4), but it will be several more years before these are available. The majority of our radial velocities are of high quality (±10 km/s); there are some of lower accuracy but these do not significantly affect the conclusions of this study. Finally, the database itself is not complete and it is hoped that it can be continually updated. In particular, it would be valuable to include the halo red giants in this region (Majewski 2005) . Clearly this study is an ongoing project rather than one where definitive results can be obtained with the current data.
We present our sample of BHB and RRL stars and the data used for this study in Sect. 2; we discuss our analysis and results in Sect. 3, and Sect. 4 contains the summary and our conclusions.
THE DATA

Target Selection
Our sample of halo tracers consists of 79 BHB and 38 RRL stars at distances between 1.5 and 16 kpc located in an area 
of approximately 22
• × 12
• near the NGP. This area, shown in Fig. 1 , is the combination of 7 POSS-I fields where proper motions from the GSC-II database were measured.
The BHB stars of our sample were selected from the surveys of Sanduleak (1988) , Beers et al. (1996) , MacConnell et al. (1993) , and Kinman et al. (1994) . They are listed in Table  11 , with a simplified nomenclature: e.g we use 16549-51 for BPS BS 16549 0051 (Beers et al. 1996) , AF-003 for Case A-F 003 (Sanduleak 1988) , and SA57-001 for SA 57 001 (Kinman et al. 1994) . The single ID used in Table 11 is that of the earliest of these catalogues in which the star is mentioned; alternative ID will be given in Kinman et al. (2007) . These candidate BHB stars were confirmed by uBV -photometry (Kinman et al. 1994 ) and spectroscopy. Most of the confirming spectra were taken at the Kitt Peak 4-m Mayall telescope (Kinman et al. 1996) .
The RRL stars (Table 12) were mostly taken from the General Catalogue of Variable Stars (GCVS, Kholopov 1985) and subsequent Name-Lists, and have the traditional identification by constellation; those without GCVS names are taken from Kinman (2002) . These are NSV5476, AF-791, . The data for AF-031 and AF-042 are as yet unpublished.
Intensity-weighted mean V magnitudes of the RRL stars are derived from recently observed light curves. Spectra of several RRL stars were obtained at the 3.5-m TNG telescope. Only 6 of these RRL stars and none of the BHB stars in our current sample are included in the catalogue of halo stars by Beers et al. (2000) .
K-magnitudes are available in the 2MASS catalogue for all our BHB and RRL stars. The data from which the kinematic properties of these stars were derived are given for the BHB and RRL stars in Tables 11 and 12 respectively. More detailed descriptions of this photometric and spectroscopic data will be given in Kinman et al. (2007) .
Reddenings, Absolute Magnitudes and Distances
Reddenings
The reddening E(B − V ) was taken from Schlegel et al. (1998) . The reddening corrections for other colours are derived from the relations E(V − K )=2.75E(B − V ), AV =3.1E(B − V ) and AK=0.35E(B − V ) (Cardelli et al. 1989 ).
Absolute Magnitudes and Distances: RRL stars.
We consider three ways to estimate the absolute magnitudes and hence parallaxes of our RRL stars:
(i) The visual absolute magnitude MV is given in terms of the metallicity [Fe/H] by the empirical relation:
We adopt the coefficients given by Clementini et al. (2003) which imply that MV = 0.54 for [Fe/H] = −1.5. Table 12 ). We assume [Fe/H] = -1.6 for the remaining stars since this is close to the mean metallicity of a halo population. An error of ±0.5 dex in [Fe/H] leads to an error of ±0.1 mag. in the distance modulus and about 5% in the parallax. The parallaxes derived by this method (ΠV ) and their errors (σΠ) are given in columns 8 and 9 respectively in Table 12 .
(ii) The infrared absolute magnitude MK is derived from the metallicity and period. In the case of the type ab RRL stars we use the relation in the form given by Nemec et al. (1994) :
where the zero point is on the same scale as that given in (iii) below. In the case of the c-type variables (indicated by an asterisk against their log P in column 4 of Table 12 ), the periods must be "fundamentalized" before using them in this relation. For this we have assumed that the ratio of the first overtone (c-type) to fundamental (ab-type) period is 0.745 (Clement et al. 2001) . The parallaxes derived in this way (ΠK) are given in column 11 of Table 12 .
(iii) The infrared absolute magnitude MK is derived from the (V −K)0 colour using an empirical relation derived from data for non-variable stars in the globular clusters M3 and M13 (Valenti et al. 2004 ). These two clusters have similar metallicities which are both close to the mean for the field halo population. We assumed reddenings E(B − V ) of 0.01 and 0.02 and distance moduli (m−M )0 of 15.07 and 14.25 for M3 and M13 respectively. These M3 and M13 data ( Figure  2) can be fitted by the 3-σ rejection cubic polynomial:
This relation only holds for stars with the metallicity of M3 and M13. The MK vs. (V − K)0 relations for ZAHB stars of different [Fe/H] were obtained from the models of VandenBergh et al. (2000) . These models were kindly transformed into MK vs. (V − K)0 by A. Sollima using the color-temperature relation given by Bessell et al. (1998) . The ZAHB relations show that in the colour range of the RRL stars an expression for MK needs a metallicity term ∼ +0.18 [Fe/H] . Equation (3) is therefore amended to:
The parallaxes (ΠHB), derived from equation (4), are given in column 12 of Table 12 .
The mean difference between the MK derived from equation (4) and that from equation (2) for our 38 RRL stars is +0.025±0.022 mag with a dispersion of 0.134 mag; this is satisfactorily small. Mean infrared magnitudes < K > were derived from the single epoch 2MASS magnitudes using the template K light curves given by Jones et al. (1996) and the most appropriate ephemerides available. The K-amplitudes are such that errors of ∼0.20 mag. in < K > are possible if the estimated phases are in error by 0.1. The letter following < K > in Table 12 gives the photometric quality 2 of the 2MASS data. Thirty five of the RRL sample have quality A (σK 0.10 mag); for these ΠK/ΠV = 1.010 ± 0.010 with a dispersion of 0.062. The twenty with no metallicity estimate (for which we assumed [Fe/H] = −1.6) have ΠK/ΠV = 1.022± 0.014 and a dispersion of 0.064 while for the fifteen variables for which [Fe/H] is known, this ratio is 0.996± 0.015 with a dispersion of 0.058. The parallaxes derived from infrared magnitudes provide a useful confirmation of the validity of the parallax (ΠV ) derived from visual magnitudes, but the greater uncertainty in the infrared magnitudes compared with the visual magnitudes of our program stars and the greater uncertainties of equations (2), (3) and (4) compared with equation (1) has led us to adopt (ΠV ) alone for the calculation of the RRL distances.
Absolute Magnitudes and Distances: BHB stars.
For the BHB stars, MV can be estimated from the MV vs. (B − V ) relation given by Preston et al. (1991) . We adjusted this relation so as to be consistent with the absolute scale that we have adopted for the RRL stars, to get:
The parallax derived from equation (5) is given as ΠHBP in Table 11 . Various problems involved with deriving MV from (B − V )0 have been discussed by Brown et al. (2005) . One concern is that the data for the 15 globular clusters on which this relation is based are now quite old. For comparison, we therefore derived a similar cubic from more recent data for the intermediate-metallicity clusters M3 (Ferraro et al. 1997 ) and M13 (Paltrinieri et al. 1998 ): The parallax derived from equation (6) is given as ΠHBC in Table 11 . The mean value of the ratio ΠHBC/ΠHBP is 1.032±0.003 with a dispersion of 0.027. This ratio is adjusted to be unity at the blue edge of the instability strip 3 and increases to 1.107 for the bluest BHB star in our sample ((B − V )0 = −0.08). We assume that the difference (∆) between these parallaxes is a measure of the likely systematic error in ΠHBP . If σ is the error in ΠHBP (as deduced from the error in (B − V )0) then its adopted error (σΠ given in column 9 of Table 11 ) is √ (∆ 2 + σ 2 ). Equation (3) can also be used to derive a parallax for the BHB stars (ΠHV K in column 10 of Table 11 ). Fifty of them have 2MASS K magnitudes of quality A; for these the ratio ΠHV K /ΠHBP = 0.950±0.005 with a dispersion of 0.036. This ratio (adjusted to be unity at the blue edge of the instability strip) decreases to 0.888 for the bluest star in this sample ((B−V )0 = −0.02). Equation (3) is least-defined for its bluest colours since these correspond to the faintest HB stars in the calibrating globular clusters. The derivation of parallaxes from (V − K)0 for these stars is likely to have significant advantages over the use of (B−V )0, but currently we need better calibration and more accurate magnitudes for the fainter program stars before the method can be used with confidence. Consequently only ΠHBP is used in this paper. 
Radial velocities
The radial velocities (RV) for our halo stars were either obtained from spectra obtained at the 4m-RC (KPNO) and 3.5m-LRS (TNG) spectrographs or from the literature. A more detailed discussion that includes the sources of these velocities and the individual galactocentric velocities will be given in Kinman et al. (2007) . The heliocentric RV (with errors) of the program stars are listed in Tables 11 and 12 . We have no RV for 7 of the RRL stars; these all have Z > 9 kpc.
In this analysis, we determine galactocentric radial velocities (RV gal ), by assuming a solar motion of (U, Table 1 ; their distributions are shown in Fig. 3 . We divide our sample of stars into those that lie below and above Z = 4 kpc; the group with Z < 4 kpc does have a smaller dispersion, but the difference is only significant at the 95% level. There are eight stars in the Z < 4 kpc sample that have a RV gal of +14.8 km s −1 and a dispersion of only 4.2 km s −1 ; a W-test (Shapiro & Wilk 1965) of the whole Z<4 kpc sample, however, shows no departure from a Gaussian distribution. The dispersions found for the sample with Z > 4 kpc are in general agreement with those found for halo stars by Clewley et al. (2004) i.e. 108 ± 10 km s −1 at distances 11-52 kpc from the Sun, and by Sirko et al. (2004a) i.e. 99.4±4.3 km s −1 for their stars out to 30 kpc. They are, however, smaller than the dispersion of 120 km s −1 (out to 30 kpc) found by Battaglia et al. (2005) . The velocity distribution should be Gaussian with a zero mean velocity (Harding et al. 2001 ) but our Z > 4 kpc sample has a mean galactocentric RV of −26.1±10.7 km s −1
and an excess of large negative velocities. This excess is most pronounced for the 23 stars whose R.A. > 13 h and whose mean galactocentric RV is −49±21 km s −1 . Individually the two samples with RA greater and less than 13 h :00 m show no significant departure from a Gaussian distribution on a W-test (Shapiro & Wilk 1965) .
Proper Motions and their Errors
The proper motions are derived from the plate material used for the construction of the GSC-II catalogue (Lasker et al. 1995; McLean et al. 2000) . We used multi-epoch positions that were derived from digitized Schmidt plates from the POSS-I, Quick-V, and POSS-II surveys (see Tables 2 and  3 ). These cover a time-baseline of about 40 years and should allow us to get a precision of a few mas per year. We used the procedure described by Spagna et al. (1996) to get the relative proper motions. These were then transformed to the absolute reference frame by forcing the extended extragalactic sources in the field to have no tangential motion. The expected zero point accuracy is 1 mas yr −1 . The proper motions and their individual errors for our program objects are listed in Tables 11 and 12 ; their formal r.m.s. errors are 3 mas yr −1 . Although these proper motions derived from the GSC-II are among the most accurate that are available for the large-field surveys, since an error of 3 mas yr −1 corresponds to 14.2 km s −1 at 1 kpc, the errors in the computed space motions of halo stars from their proper motions alone will be comparable with the space motions themselves at a distance of ∼10 kpc.
Proper motions for six of our brightest program stars are also given in the Hipparcos and Tycho catalogues (available in the NOMAD catalogue, Zacharias et al. 2004 ). These proper motions are compared in Table 4 where it is seen that the differences are largely within the expected errors. These bright stars have large images on our survey plates 4 The method of correction is given in Sec. 3.1. 
and probably have the poorest proper motions in our survey. Consequently this comparison will give limited information on the systematic errors that may be present in our whole survey. It is therefore crucial to have another independent estimate of the size of the proper motion errors. We therefore selected some 74 QSO brighter than 18th magnitude that were listed in our fields by Hewitt & Burbidge (1993) and Véron-Cetty & Véron (2001) and 62 type C (compact) objects from the Kiso Schmidt Survey for UV-excess galaxies (Takase & Miyauchi-Isobe 1993) . These compact UV-excess galaxies have sufficiently "stellar" images for them to be suitable for use as positional standards. As we noted previously (Kinman et al. 2003) , some of these QSO showed suprisingly large proper motions ( 10 mas yr −1 ) and spectra (kindly taken by Arjun Dey and Buell Jannuzi with the Kitt Peak 4.0-m telescope) showed that five of them were stars. We therefore rejected 15 of these objects whose proper motions (in either coordinate) were more than 10 mas yr −1 . Table 5 gives the mean proper motion in each field for the remaining 121 objects. The fields are defined by the ID number of the POSS-II and POSS-I plates and some fields are labelled with an "a" or "b" in order to identify partially overlapping POSS plates. Objects that fall on overlapping fields have multiple measures; these have been considered as separate measures. The unweighted mean of these 122 independent measures is given as "ALL" in Table 5 and is zero within its errors. The r.m.s. uncertainty of this result is ∼0.3 mas yr −1 in each coordinate. Some 86% of the QSO and compact galaxies and 81% of the program stars are in the five fields 381a-267, 382-268, 441-320, 442-321 and 443-322. The unweighted means of the proper motions for these five fields are also zero within their errors. While we cannot be certain that there are not larger systematic errors in individual fields, the available data indicate that the r.m.s. systematic error in the proper motion is ∼0.3 mas yr −1 in each coordinate for the data as a whole. The extragalactic standards are somewhat fainter on average than the program stars so that we must also be aware that magnitudedependent errors may also be present.
ANALYSIS AND RESULTS
The space-velocities U,V & W
The heliocentric space-velocity components U, V, and W were derived from the data listed in Tables 11 and 12 . We used the program by Johnson & Soderblom (1987) (updated for the J2000 reference frame and further updated with the transformation matrix derived from the Vol. 1 of the Hipparcos data catalogue). This program gives a right-handed system for U, V and W in which these vectors are positive towards the directions of the Galactic centre, Galactic rotation and the NGP respectively 5 . As noted in Sect. 2.2.2 and 2.2.3, ΠHBP and ΠV were adopted for the parallaxes of the BHB and RRL stars respectively. No radial velocities are yet available for seven of the RRL stars. We therefore assumed, when calculating their U,V & W velocities, that their radial velocity is zero with an error of 150 km s −1 . This should give acceptable U and V velocities since these depend almost entirely on the proper motions; their W velocities must, of course, be discarded. These values of U,V & W together with the height (Z) of the star above the Galactic plane and the galactocentric distance (R gal ) are given in Table 6 and  Table 7 for the BHB and RRL stars respectively. We assume a solar galactocentric distance of 8.0 kpc. Table 8 gives the mean values <U>, <V> and <W> of these space-velocities for various ranges of Z. The mean values and dispersion given in parentheses were obtained by trimming the 10% of the sample that have the most extreme values. This has little effect on the mean values and will not be discussed further. The rms dispersions in these quantities must be corrected for the errors in the individual U,V & W space-velocities (given in Tables 6 and 7) . Following Jones & Walker (1988) , if the observed dispersion in U is Disp(U), and ξi is the error in U of star i, then the corrected dispersion σu is given by:
and similarly for the space-velocities V and W. These corrected dispersions are given in columns (5), (7) and (10) of Table 8 . For a given proper motion error, the spacevelocity error ξi increases with distance; when it becomes comparable with the intrinsic velocity dispersion (at Z∼10 kpc), the correction becomes unreliable. Table 8 also gives <U>,<V> & <W> and their dispersions for three halo samples from the solar neighbourhood. Local A is a sample of stars that were confirmed as BHB stars by high-resolution spectroscopy (Kinman et al. 2000) ; these stars have Hipparcos proper motions and radial velocities with errors of a Kinematic Structure in the Galactic Halo at the North Galactic Pole. 9 Table 6 . continued few km s −1 ; their parallaxes and space-velocities were determined in exactly the same way as for our program BHB stars. Local B is the HALO1 sample of local RRL stars (with [Fe/H] < −1.3) from Martin & Morrison (1998) . Local C is their HALO2 sample in which the total space-velocity (which is defined by equation (8) We used these plots to derive the space-motions of their HALO2 sample for our assumed MV of +0.54 at [Fe/H] = −1.5; these are given as Local D. Changes in MV have the greatest effect on the V space-velocity and the U velocity dispersion in these local halo samples.
If we assume that <VLSR > = −220 km s −1 for zero halo rotation, the corresponding < V hel > will be ∼−225 km s −1 (see Sect. 2.3). Older local halo samples (see Table  5 of Martin & Morrison) show slightly prograde <V>. It is not clear how much these prograde <V> are a result of the adopted distance scales and/or the presence of disk stars in these halo samples. Most local samples have the problem that either (a) they may contain some thick-disk stars (as in the case of the HALO1) or (b) may have some kinematic bias which is introduced in the attempt to remove the disk component (e.g. HALO2) or which is present in their original selection (e.g. Local A). The differences between the spacemotions of the different local samples suggests that these putative systematic sampling errors are comparable in size to their statistical errors.
The Halo Rotation <V>
We see in Table 8 that the mean value <V> of our halo sample becomes increasingly negative (corresponding to more retrograde orbits) with increasing height Z above the galactic plane. This change in <V> is several times its calculated error and so is formally significant. The V of the individual stars are shown as a function of Z in Fig. 4(c) ; a line connects the <V> in this plot. The halo stars with 0 < Z < 4 kpc (<Z> = 2.8 kpc) have <V> = −242±22 km s −1 . This is compatible with them having (on average) zero rotation; it is those with 4<Z<8 kpc that have an excess of retrograde orbits. Fig. 4 (a) and (b) include only stars with Z < 8 kpc and are to be compared with stars in the same Z-range shown in Fig. 1 (c) and (b) respectively in Majewski, Munn & Hawley (1996)(MMH) which are in the SA 57 at the NGP. The vertical dotted line in Fig. 4(a) and MMH (c) is the demarcation between prograde and retrograde orbits. Both plots show a number of very retrograde orbits with negative W velocities. The pronounced correlation between U and W in MMH (b) is present to a lesser extent in Fig. 4(b) 6 . There is therefore qualitative agreement with MMH that there is structure in the phase-space distribution of these NGP stars. We test this quantitatively in the next Section.
3.3 Is our NGP halo sample homogeneous? Table 9 gives <U> and <V> and their corrected dispersions σu and σv for our 78 halo stars with Z< 8 kpc. Separate solutions are given for the RRL and BHB stars and also for the stars with positive and negative W space-velocities. These show that:
• (a) The combined solution for <V> for both RRL and BHB stars and all W (−268±14 km s −1 ) is in good agreement with that found by Majewski (1992) (−275 km s −1 ). The <V> of the BHB stars alone (−239±15 km s −1 ) is only mildly retrograde and compatible with zero halo rotation. The RRL sample alone, however, is strongly retrograde (−328±28 km s −1 ). The dispersion σv of the 20 RRL stars with negative W (136±21 km s −1 ) is much greater than that (13±4 km s −1 ) of the 6 RRL that have positive W. Despite the rather small numbers, a variance ratio test shows this difference to be significant at better than the 99% level. The distributions of V for the BHB and RRL are shown in Fig. 5 . The hatched histograms are for the stars that have negative W-velocities. Following Shapiro & Wilks (1965) , separate tests of the V-distributions of the BHB and RRL stars with Z < 8 kpc show that neither have significant differences from normal distributions.
• (b) There is an asymmetry in the ratio of RRL to BHB stars in the sense that the ratio is larger in the sample that has negative W velocities. This effect is significant at better than the 99% level and suggests that we are not dealing with a homeogeneous halo population.
• (c) The <U> space-velocity is significantly negative (−72±21 km s −1 ) for both BHB and RRL stars that have positive W velocities. Those with negative W have the expected zero <U>.
There is therefore strong evidence that the NGP halo stars with Z< 8 kpc do not belong to a homogeneous population. It does not seem likely that observational selection in the samples could produce the differences in the kinematic properties between the BHB and RRL stars noted in (b) above. The RRL stars cover roughly the same area of the sky as the BHB stars (Fig. 1) and the six RRL with positive W are distributed widely in both R.A. and Declination. The lack of homogeneity must therefore be present over much of the survey area. We noted in Sec. 2.3 that stars with R.A. (Kinman et al. 2000) and Local B and C are the HALO1 and HALO2 samples of RRL stars (Martin & Morrison, 1998) . Local D is the HALO2 sample after normalization to our distance scale.
(2) (3) (4) (5) (6) (7) (8) (9) (10) 0 − 4 2.8 26 This small group thus shows a highly retrograde <V> and a negative < W >, but their corrected velocity dispersions are not unusual.
The RRL sample
The 26 RRL stars with Z< 8 kpc have a mean height above the plane of 5.3 kpc. Our analysis of the QSO proper motions gave an rms systematic error in the proper motions of 0.3 mas yr −1 in each coordinate. This corresponds to a ∼2 km s −1 error in V at a distance of 1 kpc. Consequently for our Z<8 kpc sample, a 2σ systematic error in <V> from the proper motions should on average produce a ∼20 km s −1 systematic error in V. It does not seem likely therefore that systematic errors in the proper motions can wholly account for the retrograde motion (∼100 km s −1 ) of the RRL sample. The retrograde V could also be produced if our RRL distances are 45% too large. This corresponds to a 0.8 mag. error in the modulus of these stars. We used the same MV for the RRL stars as for the reddest BHB stars 7 . It does not seem likely, therefore, that our MV can have such a large error. Neither does it seem likely that the mean apparent magnitudes of the RRL stars could have as much systematic error since they are based on multiple photoelectric observations.
The total space velocities (T) of our program stars were calculated from the space velocities U, V & W (Tables 6 and  7 ) by: These total space velocities are plotted against the height above the galactic plane (Z) for the BHB stars and RRL stars in Figs. 6(a) and 6(b) respectively. The Local A sample of nearby BHB stars is also plotted as filled squares in Fig. 6(a) . The encircled triangles are the RRL stars that have W-velocities < −50 km s −1 . The line:
shows the boundary that is used by Martin & Morrison to separate their HALO2 from their DISK2 populations; all our program stars belong to their HALO2 population. Most of our stars have values of T that are well below the Galactic escape velocity of from 500 to 600 km s −1 (Smith et al. 2006 ). Possible exceptions are CK COM and SA 57-47 that have T = 563±49 and 727±66 km s −1 respectively. Large total space-motions are associated with (a) stars with 4<Z<8 kpc; (b) RRL stars rather than BHB stars; (c) RRL stars with large negative W-velocities and (d) RRL stars whose periods are greater than 0.60 days (Fig. 7 and Table 9 ). Among the longer period RRL stars, the ones with lower amplitudes have the larger T (Fig. 7) . For periods greater than 0.60 days, we would expect those of lower amplitude to belong to Oosterhoff Class I and the higher amplitude variables to belong to Oosterhoff Class II. The mean period < P ab > of the 20 type ab RRL that have Z < 8 kpc is 0.
d 57. Our assumed RRL absolute magnitudes are linked to the RRL in the LMC whose < P ab > are 0.
d 583 and 0. d 573 from the MACHO (Alcock et al. 1996) and OGLE (Soszyński et al. 2003) surveys respectively. The < P ab > of the RRL stars in Galactic globular clusters is 0.
d 585 (Clement et al. 2001 ); 65% of these variables are Oosterhoff type I 8 . This suggests that the LMC contains predominantly Oosterhoff type I variables. This is confirmed by their Fourier types (Alcock et al., 2004 ) and so our distances should be correct for Oosterhoff I variables which (judging from their < P ab >) probably comprise most of our sample. If, however, the Oosterhoff II variables are as much as ∼0.2 mag brighter than the Oosterhoff I variables (Lee and Carney 1999) then their distances and their total space velocities will have been underestimated. This may explain some of the dispersion in T for the RRL stars with P > 0.60 days.
The Galactocentric space motions
The Galactocentric space motions of our program stars in the cylindrical vectors VR, V φ and Vz have been calculated according to the equations given by Kepley et al. (2006) which were chosen to be compatible with those used by Helmi et al. (1999) . These velocities are given in cols. (7), (8) & (9) respectively of Tables 6 and 7. The Z-coordinate in this galactocentric system is in the opposite direction to that in our heliocentric system so that the galactocentric Vz has the opposite sign to W in the heliocentric system. Galactocentric V φ and heliocentric V are respectively negative and increasingly negative for retrograde orbits. The mean values of these space-velocities <VR>, <V φ > & <Vz> for the program stars with Z< 8 kpc and their corresponding dispersions (after correction as described in Sec. 3.1) are given in Table 10 . It is seen that the BHB stars show no galactocentric rotation <V φ > = −005±015 km s −1 in agreement with the analysis of the radial velocities of 1170 BHB stars from the Sloan Digital Sky Survey (SDSS) by Sirko et al. (2004b) . Table 10 also gives the dispersions in cylindrical coordinates derived by Sirko et al. for three of their samples which we call SDSS(a), SDSS(b) and SDSS(c). These refer to their whole sample, stars with g < 18 and stars with g < 16 respectively. The dispersions for our BHB are similar to those found for the BHB samples of Sirko et al. (2004b) and have σR ∼ σ φ whereas non-BHB samples of the local halo ellipsoid (Sirko et al. 2004b , Table 1 ) are like our RRL sample and have σR > σ φ . There are only 6 RRL stars in our sample with positive V φ compared with 20 with negative velocities; the corresponding numbers for the BHB sample are 25 and 27. A Fisher's 2×2 test shows that this difference is significant at the 96%-level. A Shapiro-Wilks test of the V φ -distribution of the RRL stars shows no significant departure from normality. It therefore seems unlikely that the retrograde <V φ > of these stars is caused by the inclusion of a few RRL stars with highly retrograde orbits but rather is a property of the whole sample.
Stars with Z > 8 kpc
In this paper we have chosen not to analyze the data for the 39 stars with Z > 8 kpc. At 10 kpc, the random errors in the proper motions produce errors in the space motions that are comparable with the space motions themselves and the estimated 2σ systematic error will be ∼40 km s −1 . Currently we do not have radial velocities for all these fainter stars and those whose velocities have errors 25 km s −1 should be reobserved.
SUMMARY AND CONCLUSIONS
The kinematics of the BHB and RRL stars in the NGP show that this halo sample is not homogeneous. The BHB stars show essentially no galactic rotation in agreement with Sirko et al. (2004b) while the RRL stars show a definite retrograde rotation. Our whole sample of 117 stars includes stars out to 16 kpc, but we restricted our discussion to the 52 BHB stars and 26 RRL stars with Z < 8 kpc whose space motions are the more reliable. This sample of 78 stars has a heliocentric <V> = −268±14 which is in reasonable agreement with the retrograde rotation of −55 km s −1 found by Majewski (1992) and Majewski et al. (1996) for their SA-57 sample of subdwarfs at a similar <Z>. Both our BHB and RRL sample and their subdwarf sample show qualitatively similar dependencies of U hel on W hel and an excess of stars with negative W hel (Fig. 4) . We also find that our BHB stars with Z< 8 kpc (<Z> = 4.7 kpc) have σr = 101±10, σ φ = 93±09 and σz = 81±08. These dispersions are similar to those of the BHB sample of Sirko et al. (2004b) with g 18 which has σr = 97±10, σ φ = 109±18 and σz = 101±6.These dispersions are more isotropic than local samples of halo stars that typically have σr>σ φ >σz. Qualitatively, this is what we might expect from a halo that is more flattened towards the plane and more spherical away from the plane and at greater galactocentric distances (Kinman et al. 1965; Wesselink 1987; Preston et al. 1991; Vivas & Zinn 2006) . The local BHB sample (Local A in Table 8 ) has σr = 129±18, σ φ = 80±11 and σz = 101±14 so that σR > σ φ but (unusually) also has σz > σ φ . Many of the stars in this sample were selected as early-type high-velocity stars by Stetson (1991) and so Local A may have some kinematic bias.
Our RRL stars that have positive W-velocities not only have a much smaller velocity dispersion (σv) than those with negative W-velocity, but the ratio of RRL to BHB stars is significantly lower in this group compared with the group that has negative W-velocities. This inhomogeneity therefore involves a streaming motion that covers a significant part of our survey area and which is more pronounced for the stars with an RA > 13 h :00. A similar streaming occurs in the subdwarf sample of Majewski et al. (1996) in the same part of the sky. A model of the Sgr stream (Fig. 1 of Martínez-Delgardo et al. 2006 ) also predicts an infall in the Northern Galactic Cap but not quite in the direction of our survey and probably refers to more distant stars than most of those in our sample. The streaming that we have observed may be connected with the Virgo overdensity (Lupton et al. 2005 ) but this overdensity is not yet sufficiently well defined for this to be more than a speculation.
The simultaneous use of two halo tracers (BHB and RRL stars) has shown that the halo has two field star components that seem to parallel the old and young components of the halo globular clusters. This is not at all a new idea. Thus, Wilhelm et al. (1996) (who give references to previous suggestions for two-component halos) analysed the radial velocities of 525 BHB stars and found an "inner" flattened halo (Z<4 kpc) in prograde (+40 ±17 km s −1 ) rotation and an "outer" (Z>4 kpc) more spherical halo with a retrograde (-93±36 km s −1 ) rotation . This relatively high retrograde motion for the "outer" BHB stars does not agree with either our results or those of Sirko et al. (2004b) . A Z>4 kpc sample will be at high galactic latitudes where the stars lie far from the apices of galactic rotation and their radial velocities are relatively insensitive to the galactic rotation vector. This insensitivity of the radial velocities and also possible inhomogeneities in the halo may be responsible for this discrepancy. On the other hand, the analysis of the space motions of halo stars by found no evidence for a retrograde "high halo"; possibly because their sample did not extend far enough from the solar neighbourhood.
The two halo components that fit our data are similar to those discussed by Borkova and Marsakov (2003) from their analysis of the space-motions of nearby RRL stars. One component is associated with a strong blue horizontal branch, has no galactic rotation and has a relatively isotropic velocity dispersion. The other component is characterized by having RRL stars whose < P ab > shows that they are mostly of Oosterhoff type I. This second component has, on average, a retrograde rotation and a less isotropic velocity dispersion than the first component. Our second component also has streaming in its W space-motion which suggests that it consists of tidal debris. This does not mean that the first component contains no RRL stars or the second has no BHB stars but that the BHB stars predominate in the first component and the RRL stars in the second. We would expect that the first component, having a blue HB, would be associated with Oosterhoff type II RRL stars. We must Sirko et al. (2004b) (a) whole sample, (b) with g < 18, and (c) with g < 16. 
be careful about this assertion, however, because there is considerable scatter in the HB-type vs. < P ab > plot; e.g. M 62 has < P ab > = 0. d 548 (Oosterhoff type I) and yet has a blue HB (Clement et al. 2001; Contreras et al. 2005) .
It would be very desirable to be able to compare all the properties ([Fe/H], space densities, HB type, Oosterhoff type etc) of the halo stars in the North Polar Cap with those in the solar neighbourhhod. This is beyond the scope of this paper and would require considerable attention to selection effects. As an example, all RRL surveys miss variables with amplitudes below a certain limit. Our photometry of the BHB stars showed that a number of these were low-amplitude RRL stars so, in this respect, our polar sample is unusually complete and contains low-amplitude longperiod type ab and type c variables that were missed in earlier surveys. Our results do not necessarily conflict with those of earlier surveys that have sampled larger volumes of space. The volume of space that we have sampled is relatively small. At the mean distance of 5 kpc, the width of the field is no more than ∼1 kpc. This may account for the pronounced lack of uniformity of the halo that we have found at the NGP and makes it essential that similar surveys should be made at other key locations such as the South Galactic Pole and the Anticenter and if possible that they should include more than one halo tracer.
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